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Is the Cardiovascular Response Equivalent Between a Supervised
Center-Based Setting and a Self-care Home-Based Setting When
Rating of Perceived Exertion Is Used to Guide Aerobic Exercise
Intensity During a Cardiac Rehabilitation Program?
Lars H. Tang, MSc, Ann-Dorthe Zwisler, PhD, Selina K. Berg, PhD, Patrick Doherty, PhD,
Rod S. Taylor, PhD, and Henning Langberg, PhD, DMSc
Objectives: The aim of this study was to investigate if exercise intensity guided by rating of perceived exertion (RPE) results in an equivalent
cardiovascular response when applied in either a center-based or a home-based setting.
Design: Data from patients with heart disease (post–valve surgery and atrial fibrillation post–radiofrequency ablation) participating in exercise-
based rehabilitation were included. Patients performed a 12-week program in either a center- or a home-based setting. Using RPE, patients
recorded their exercise intensity 3 times during an aerobic training phase. Exercise intensity was objectively measured using heart rate
(HR) monitors.
Results: A total of 2622 RPE values with corresponding HR data were available. There was no difference in the level of association (interaction
P = 0.51) between HR and RPE seen in the center-based setting (mean of 6.1 beats/min per 1.0 difference in RPE; 95% confidence interval,
4.8–7.5 beats/min) compared with the home-based setting (mean of 5.3 beats/min per 1.0 difference in RPE; 95% confidence interval, 4.0–6.5
beats/min). The level of patient familiarization, exercise intensity, and patient characteristics did not affect the level of association between RPE
and HR.
Conclusions: Independent of exercise setting, RPE appears to be equally effective in guiding exercise intensity of patients participating in cardiac
rehabilitation.
Key Words: Atrial Fibrillation, Exercise Prescription, Exercise Setting, Exercise Therapy, Heart Rate, Heart Valve Diseases
(Am J Phys Med Rehabil 2016;00: 00–00)
C ardiac rehabilitation (CR) has been shown to have benefi-cial health effects for patients living with heart disease.1–3
Unfortunately, fewer than half of eligible patients are currently
participating in CR in most European countries.4 Cardiac reha-
bilitation programs have traditionally been delivered in a super-
vised center setting, typically at a local hospital,4 but because
of the current problem of poor uptake, alternative CR delivery
models have been developed, including the delivery of CR in a
nonsupervised home-based setting.5,6
A core component of CR is exercise training. Adequate
exercise intensity is a key consideration as it is closely associ-
ated with the level of improvement in exercise capacity and as-
sociated reduction in future cardiac events.7,8 Exercise intensity
is often estimated using objective measurements such as oxy-
gen uptake or heart rate (HR). Nevertheless, oxygen uptake
is complex to assess and is not available across all exercise set-
tings, and HR can be difficult to apply in some cardiac patients
because of reasons such as arrhythmia or the use of β-blockers.7
Rating of perceived exertion (RPE)9 is a subjective assessment
method that is widely accepted for guiding exercise intensity
and recommended in current guidelines for exercise-based
CR.8,10 The simplicity of RPE makes it an ideal tool to use
in routine practice across settings.
Rating of perceived exertion has been shown to be a reli-
able and valid method for monitoring exercise intensity in
healthy adults.11,12 In populations with heart disease, RPE
has been demonstrated to have good reliability13 but may over-
estimate or underestimate exercise intensity.14,15 A number of
studies have shown that such patients can regulate exercise in-
tensity by discrimination between RPE values.15–17 Neverthe-
less, RPE has not previously been investigated in a real life
setting as these previous studies have been conducted in an ex-
perimental or laboratory design. Considerable caution is there-
fore needed in their generalizability to everyday clinical practice.
We have recently shown that cardiac patients can use RPE
to alter their cardiac response in everyday clinical practice
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regardless whether they are taking HR-reducing medications
or not.18 However, our analysis did not take the use of differ-
ent exercise setting into account.
In a supervised center-based setting, patients typically re-
ceive guidance on their exercise intensity from health care pro-
fessionals, whereas in self-care home-based setting, regulation
of exercise intensity depends on the patients’ own abilities. Ev-
idence has shown that supervised exercise sessions can be su-
perior to nonsupervised sessions in achieving beneficial health
effects,19 and home-based exercise programs without a struc-
tured exercise component have failed to demonstrate any clin-
ical benefits.20,21 It has therefore been argued that heart disease
patients may lack the ability to follow individualized exercise
prescription when in a nonsupervised setting.20 Given the im-
portance of alternative delivery methods, including unsuper-
vised home-based programs to increase the uptake in CR,5,6
simple methods for patients to prescribe exercise intensity are
needed. Thus, we require evidence for the usability of RPE
across CR settings. Because RPE is both a mental and physical
tool, a number of determinants may influence its use including
levels of patient anxiety or depression and characteristics such
as age and gender.22,23 Such determinants must be explored
before RPE is applied in a routine CR setting.
The primary aim of this study was to investigate if the car-
diovascular response of patients with heart disease using RPE
to guide exercise intensity is equivalent in a supervised center-
based setting to a self-care home-based setting. We hypothe-
size that the cardiovascular response (defined as the slope
between changes in HR (in beats/min) per 1.0-unit change in
RPE) between settings is higher in patients exercising in a
supervised center-based setting compared with patients in a
self-care home-based setting. We also sought to examine how
different exercise intensities, patient characteristics (e.g., age
and gender), and psychological status might affect the cardio-
vascular response when using RPE in routine CR.
METHODS
This study uses data from all patients who participated in a
similar exercise intervention in 2 randomized controlled trials
described in full elsewhere.24,25 In brief, these trials investi-
gated the effect of CR in patientswith heart disease randomized
to either physical exercise and psychoeducative intervention or to
the usual care without supervised physical exercise training.
Patients had undergone either heart valve surgery or treatment
of atrial fibrillation by radiofrequency ablation, were 18 years
or older, were without comorbidities complicating physical ac-
tivity, and were able to speak and understand Danish. All eligi-
ble patients were informed about the trials both verbally and in
writing. Written informed consent was obtained. The Regional
Ethical Committee (j.nr. H-1-2011-135, j.nr. H-1-2011-157)
and the Data Protection Agency (j.nr. 2007-58-0015) approved
both trials.
The Exercise Intervention
In both trials, the intervention was initiated 1 month after
hospital discharge and consisted of a 12-week progressive ex-
ercise program of 3 sessions per week each for approximately
60 minutes. All patients were introduced to the exercise pro-
gram and undertook their first training session at a tertiary
center hospital (Department of Cardiology). Based on their
own preference, each patient could then self-select to continue
their exercise program either (1) in a supervised center-based
setting—the original tertiary hospital center or at 1 of 29 col-
laborating training locations that included local hospitals or
health centers in a municipality where personnelwere available
and instructed in delivering the exercise training intervention,
or (2) in a self-care home-based setting, where patients had ac-
cess to a stationary bike at home or in a local training facility
and where no supervision was provided. All patients underwent
a maximum cardiopulmonary exercise test before the exercise
intervention.24,25
Data Collection and Management
The aerobic exercise interventionwas divided into a 10-minute
warm-up phase followed by a 20-minute primary aerobic exer-
cise phase performed on a stationary cycle. The 20-minute aerobic
exercise phase was subdivided into in 3 incremental exercise
steps, which varied in duration and intensity. The duration
was always shortest in the first and third exercise step (between
2 and 5 minutes) and longest in the second step (between 10
and 15 minutes). Exercise intensity was prescribed using the
15-point Borg scale9 and progressed throughout the exercise
intervention with the first and third exercise step reaching from
RPE 11 to 14 and the second exercise step from RPE 13 to 17
during the 12 weeks of training. Patients were instructed to per-
form their aerobic training at an intensity corresponding to the
preselected RPE value, if they were able. If not, they should
perform the exercise session at the highest intensity they
deemed as possible. For safety reasons, patients were strictly
informed not to exceed the preselected RPE values. After each
single training session, patients were asked to note their exact
RPE values, which were then used in the analysis.
To objectively assess the cardiovascular response, HR
was measured during all exercise sessions with either Polar
HR RS 400 monitors (Polar Electro, Kempele, Finland) or
T-shirts with wireless integrated electrocardiographic elec-
trodes (CorusFit Cardio and Corus Exercise Assistant,
version 2.0.16; CorusFit Inc, Jyväskylä, Finland). We were
unable to blind the patients in the home-based setting to their
HR monitors. However, we encouraged these patients not to
focus on their HR monitor during the aerobic training session,
and they were not provided with specific instructions on how
to monitor the training intensity based on HR or how RPE
corresponds with HR.
After the intervention period, data from the diaries on ses-
sions 1 to 6, 10 to 12, 16 to 18, 22 to 24, and 31 to 33 were an-
alyzed, because these sessions had incremental steps of similar
time duration and the longest duration in the first and third
steps (5-10-5 minutes), which enabled patients to reach a
steady-state period in exercise intensity. Thus, a maximum of
18 sessions was available for each patient.
The date of training was used to link HR with their re-
ported RPE data. An exercise session was excluded if either
the RPE or HR data were missing for a training session. Addi-
tional HR recordings were excluded if irregular frequency
changes with sudden repeated alterations exceeding 10 beats/
min or more were observed. To avoid systematic bias in the se-
lection process, data from all exercise sessions were examined
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by 2 independent investigators. Inconsistencies between inves-
tigators were reviewed, and a third investigator was used in
cases where consensus could not be reached.
The cardiovascular response was defined as the slope be-
tween changes in HR (in beats/min) per 1.0-unit change in
RPE and expressed to a given RPE value, by calculating an av-
erage HR in awindow from the last 2 minutes for each exercise
step in accordance with Aamot et al.15 (For an illustration, see
Tang et al.18) All analyses combined the data from the 3 exer-
cise steps and were adjusted for whether patients were taking
HR-reducing medications (β-blockers and calcium antago-
nists) or not. Adjusting for rate-reducing medication slightly
improved the strength of the association between HR and
RPE (~9%).18
Patient demographic information was collected at baseline
together with anxiety and depression scores using the Hospital
Anxiety and Depression Scale (HADS). Disease-specific symp-
toms were assessed using the New York Heart Association
(NYHA) Functional Classification for patients who had under-
gone heart valve surgery and the European Heart Rhythm As-
sociation (EHRA) score of atrial fibrillation–related symptoms
in patients treated for atrial fibrillation.
To explore if patients needed a familiarization period be-
fore knowing RPE, we divided the exercise sessions performed
by a patient during the 12-week training period into 2 groups;
1 group contained all exercise sessions within the first 2 weeks
of training, and the other group, the rest (>2 weeks). To test the
influence of exercise intensity when using RPE, we divided ex-
ercise intensity into low/moderate (RPE ≤15) and high inten-
sity (RPE >15) as RPE is found to be underestimated at
higher ranges.26
Statistical Analysis
Statistical analyses were performed using the software
SAS Enterprise Guide 5.1 (SAS Institute Inc., Cary, North
Carolina). An independent 2-sample t test, Wilcoxon-Mann-
Whitney test, or a χ2 test was used to examine the difference
in HR, RPE, the number of training sessions per patient, and
demographic variables between center- and home-based set-
tings. Linear regression was used to assess the association be-
tween RPE and HR in comparison to setting. Regression was
also used to explore whether familiarization with RPE, the
range of exercise intensities, patient characteristics (i.e., age
and gender), or psychological status (anxiety and depression)
could influence the use of RPE. The interaction between each
of these variables and RPE was determined in order to explore
whether there are significant differences in the cardiovascular
responses. To increase the statistical power, we kept the
TABLE 1. Baseline characteristics, training location, cardiac history, medical records, and conditions presented for all patients and for
patients in each of the 2 settings
All Patients (n = 97) Center Based (n = 53) Home Based (n = 44) Deference Between Settings
Demographic Data n Mean (SD) n Mean (SD) n Mean (SD) P
Age 97 60.2 (9.6) y 53 61.5 (10.2) y 44 59.6 (8.8) y 0.334
Height 97 178.6 (9.0) cm 53 177.9 (8.7) cm 44 179.4 (9.6) cm 0.408
Weight 97 83.7 (16.5) kg 53 81.8 (16.6) kg 44 86.0 (16.2) kg 0.509
BMI 97 26.1 (4.1) kg/m2 53 25.8 (4.5) kg/m2 44 26.4 (3.7) kg/m2 0.323
Sex (men/women) 71/26 40/13 31/13 0.579
Patient type (radiofrequency
ablation/valve replacement)
58/39 28/25 30/14 0.125
Physical Capacity
Watts (maximum) 95 156.8 (57.6) 52 143.9 (48.4) 43 172.4 (64.3) 0.016
Peak VO2, mL/kg per min 95 23.8 (8.1) 52 22.8 (7.4) 43 25.0 (8.9) 0.189
% % %
NYHA/EHRAa
I–II 74 76 44 83 30 68 0.087
III–IV 23 24 9 17 14 32
Medical Record
β-Blockers 34 35 19 36 15 34 0.857
Calcium antagonists 13 13 7 13 6 14 0.951
Warfarin 85 88 45 85 40 91 0.371
HADS
Anxiety
<8 69 71 37 70 32 73 0.752
≥8 28 29 16 30 16 27
Depression
<8 89 92 48 91 41 93 0.725b
≥8 8 8 5 9 3 7
aThe NYHA Functional Classification/EHRA score of atrial fibrillation–related symptoms.
bFisher exact test.
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variables age, EHRA/NYHA, and HADS as continuous values.
However, for the purposes of the presentation of data, RPE re-
sults are expressed above and below a categorical cutoff point
in each variable. All models took into account the repeated-
measures (clustering within subject) nature of the data. The
threshold of statistical significance was taken as a P < 0.05.
RESULTS
Patient participation and exclusion have been described in
detail elsewhere.18 In brief, RPE and HR data were available
from 874 training sessions in 97 patients. As RPE was rated
3 times in each session, 2622 RPE values with corresponding
HR were available for analysis.
Patients had a mean age of 60 (SD, 10) years, 71 (73 %)
were men, and 39 (40%) had undergone heart valve surgery
(Table 1). Fifty-three patients preferred a supervised center-
based setting (1401 data points from 467 training sessions),
and 44 preferred a home-based setting (1221 data points from
407 training sessions). The median number of training session
available per patient was 10 (interquartile range [IQR], 4–10)
with no difference between settings (P = 0.692). Patients in
the home-based setting had a higher maximum watt level than
did patients in the center-based setting (mean difference, 28.5;
95% confidence interval [CI], 5.6–51.5; P = 0.016). No other
differences were found between settings.
RPE and HR Between Settings
Overall, the mean HR was 117 (SD, 22) beats/min, and
the median RPE rating was 14 (IQR, 12–15). There was a
difference in the mean HR (P = 0.004) and median of RPE
points (P < 0.001) between the 2 settings, with highest
values found in the supervised center-based setting with a
mean of 118 beats/min (95% CI, 117–119 beats/min) versus
115 beats/min (95% CI, 114–117 beats/min) and a median
RPE of 14 (IQR, 13–15) versus median of 13 (IQR, 12–14)
in the home-based setting.
Linear regression showed a similar change in HR of 6.1
beats/min (95% CI, 4.8–7.5 beats/min) and 5.3 beats/min
(95% CI, 4.0–6.5 beats/min) per 1.0-unit change in RPE in a
center setting and in a home-based setting, respectively. There
was no evidence of an interaction in the association between
HR and RPE between settings (P = 0.510) (Fig. 1 and Table 2).
Factors Influencing the Association Between
RPE and HR
There was interaction between disease-specific symptoms
measured by NYHA/ERHA and the use of RPE (P = 0.002).
However, the difference in the association between RPE and
HR within NYHA/ERHA class was small, that is, 5.6 beats/
min (95% CI, 4.6–6.6 beats/min) versus 4.8 beats/min (95%
CI, 3.1–6.4 beats/min) per 1.0-unit change in RPE in class I–II
versus class III–IV, respectively. When excluding the 2 patients
classed as class IV in a sensitivity analysis, the interaction be-
tween NYHA/ERHA and the use of RPE was no longer signif-
icant (P = 0.371). Higher exercise intensities (i.e., >15 RPE)
tended to induce higher cardiac responses (P = 0.096), that
is, 5.5 beats/min (95% CI, 4.5–6.5 beats/min) for RPE of 15
or less versus 8.3 beats/min (95% CI, 4.5–12.0) for RPE of
greater than 15 per 1.0-unit change in RPE. A sensitivity anal-
ysis excluding the 2 class IV patients showed no change in this
result (P = 0.090). There was no evidence of significant inter-
actions with RPE and patient characteristics (i.e., cardiac diag-
nosis, age, and gender), psychological status (HADS anxiety
and depression), or familiarization with RPE (Table 2). We ad-
justed all linear regression analyses for the observed baseline
FIGURE 1. The relationship between RPE and HR in the center-based setting and home-based setting. aTest for interaction between settings.
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difference in the maximum watt level. However, it did not af-
fect the interpretation of the findings.
DISCUSSION
Rating of perceived exertion is widely used by patients
participating in exercise-based CR programs to prescribe and
to guide their exercise intensity. However, there is little evi-
dence of the ability of patients with heart disease to guide
and regulate intensity using RPE in different settings. The pri-
mary aim of this study was to investigate if the cardiovascular
response of patients with heart disease when using RPE to
guide exercise intensity was equivalent across supervised
center-based and unsupervised home-based settings. Based
on 2622 pairs of RPE ratings and HR recordings, we found
higher RPE and HR values when patients trained in center-
based setting compared with those who trained in self-care
home-based setting. However, there were no systematic differ-
ences in the association between HR and RPE across settings,
indicating that RPEwas equally able to guide cardiac response.
While RPE has been demonstrated to have good reliabil-
ity,13 it is not the criterion standard to assess exercise intensity
in cardiac populations, because it may overestimate or underes-
timate exercise intensity.14,15 Nonetheless, as objective assessment
methods of oxygen uptake and HR are difficult to apply in ev-
eryday clinical practice (and are not applicable to patients with
arrhythmias or on β-blocker medication), many CR guidelines
recommend the use of RPE for assessing exercise intensity.8,10
These CR guidelines assume RPE to be applicable in both the
center- and home-based settings. However, from a clinical per-
spective, there are many important differences between these 2
settings. In a supervised center-based program, health care pro-
fessionals can encourage and help patients to change their ex-
ercise intensity. In contrast, in a self-care home-based program,
patients perform unsupervised exercise and therefore self-
manage their exercise intensity. However, this study shows that
patients are equally able to use RPE to guide their cardiac re-
sponse in both settings.
Somewhat higher levels of exercise intensity were seen in
the supervised center-based setting compared with the self-care
TABLE 2. Summary of the linear regression relationship between HR and RPE across setting, patient characteristics, and exercise training
categories
Variables No. of Patients
No. of RPE and
HR Pairs
Mean Change in HR (beats/min)
per 1 Unit Change in RPE
95% Confidence
Interval Interaction (P)
Setting
Supervised center-based 53 1401 6.1 4.6 to 7.5 0.510
Self-care home based 44 1221 5.3 4.0 to 6.5
Age
≤60 y 42 1293 5.8 4.5 to 7.1 0.647b
>60 y 55 1329 5.5 4.3 to 6.7
Sex
Women 26 768 5.7 4.2 to 7.3 0.675
Men 71 1854 5.9 4.8 to 7.0
Patient type
Radiofrequency ablation 58 1488 5.2 4.3 to 6.2 0.392
Valve replacement 39 1134 6.0 4.6 to 7.4
EHRA/NYHAc
I–II 74 2013 5.6 4.6 to 6.6 0.002b
III–IV 23 609 4.8 3.1 to 6.4
HADS anxiety
<8 69 2007 5.6 4.5 to 6.8 0.480b
≥8 28 615 5.1 3.7 to 6.6
HADS depression
<8 89 2475 5.5 4.6 to 6.4 0.330b
≥8 8 147 4.5 0.8 to 8.3
Time of ratingd
≤2 wk — 1071 6.2 4.8 to 7.6 0.155
>2 wk — 1551 5.4 4.4 to 6.5
RPE point
≤15 — 2235 5.5 4.5 to 6.5 0.096
>15 — 387 8.3 4.5 to 12.0
aAll associations adjusted for use of HR-reducing medication.
bBased on interaction of variable expressed as a continuous variable.
cThe NYHA Functional Classification/EHRA score of atrial fibrillation–related symptoms.
dRPE ratings divided into the first 2 weeks and after the first 2 weeks of the 12-week intervention period.
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home-based setting. Although higher exercise intensities have
been associated with a larger increase in postrehabilitation ex-
ercise capacity,27 it is important to emphasize that the differ-
ence in intensity seen in this study was very small (i.e., mean
difference of 2.4 beats/min [95% CI, 0.8–4.1]). To ensure
higher RPE ratings were not affecting the interaction between
settings, we undertook a sensitivity analysis adjusting for
higher intensity ranges (>15 RPE). This made no changes to
the previous conclusion (center-based setting: 5.8 beats/min
per 1.0 unit of RPE change [95% CI, 4.2–7.5 beats/min];
home-based: 5.2 beats/min per 1.0 unit of RPE change [95%
CI, 3.9–6.6 beats/min]; interaction P = 0.520).
Our findings indicate that RPE not only can be used to
guide cardiovascular response across settings but also may be
applicable across a number of other factors including patient
age, sex, cardiac diagnoses, level of exercise intensity, and de-
gree of familiarization with RPE. However, further data are
needed to support these other applications of RPE. Previous
studies in healthy individuals have also shown that age and
sex have no influence on the use of RPE.11While levels of anx-
iety or depression are thought to impact the use of RPE,22 this
was not supported by our findings. However, our results are
likely to be affected by a low occurrence of anxiety or depres-
sion in our population. A score greater than 7 is the normal
threshold score when using the HADS questionnaire and de-
fines a potential depression or anxiety. A more definite depres-
sion or anxiety score is defined by a score greater than 10,
which were reported in only a few patients in the current study
(anxiety [10%] and depression [2%]).28 We did see some evi-
dence of difference in the HR-RPE association due to disease
severity (i.e., a mean of 5.6 beats/min [95% CI, 4.6–6.6 beats/
min] per 1.0-unit change in RPE for NYHA/ERHA class I–II
vs. 4.8 beats/min [95% CI, 3.1–6.4 beats/min] per 1.0-unit
change in RPE for NYHA/ERHA class II–IV; interaction
P = 0.002]). That this difference in RPE-HR response was no
longer apparent when we excluded patients with more severe
condition (class IV) suggests that it is the higher levels of disease
severity that particularly may affect the use for RPE. Neverthe-
less, because it has been suggested that a change in HR needs
to be at least 5 beats/min to be clinically important, it could also
be argued that this observed difference in HR-RPE response is
unlikely to have any clinical relevance.16 Overall, our results
indicate that teaching patients RPE may empower them to
guide exercise intensity by themselves without other variables
having a substantial clinical impact.
Strength and Limitations
The main strength of this study is the large number of ex-
ercise sessions in which we were able to assess both RPE and
HR. Although these data are collected in 2 randomized trials,
the rehabilitation programs in these trials24,25 reflect standard
clinical rehabilitation provision and are reflective of real-
world clinical practice. Our study does have some limitations.
First, our data are limited to patients who have undergone ei-
ther heart valve surgery or treatment for atrial fibrillation as di-
verse pathologies between cardiac diagnoses are likely to
reduce the generalization of our findings to all cardiac diagno-
ses. Second, we used interaction analyses to examine how the
HR-RPE association was affected by setting and other factors.
It has been estimated that the sample size required to detect an
interaction effect is at least 4 times higher than required for a
main effect of the same magnitude.29 Therefore, we can only
claim in this study to be able to detect relatively large differences.
Nevertheless, that the mean observed interaction effects on HR
were smaller than 5 beats/min is strongly suggestive that they
are not clinically relevant.16 Finally, all exercise sessions were
performed on stationary bike. Given that previous studies have
shown RPE to be affected by exercise modality,30 we need to
be cautious in extrapolating our results to other forms of exer-
cise training such as brisk walking or running.
CONCLUSIONS
This study shows that in selected heart disease patients
an equivalent cardiovascular response is produced when using
RPE in CR to guide exercise intensity in both supervised
center-based and self-care home-based rehabilitation settings.
The level of patient familiarization, exercise intensity, and pa-
tient characteristics (age, gender, cardiac diagnosis) and psy-
chological status do not appear to influence the association
between RPE and HR.
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